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Abstract. The rapid growth of today’s construction sector requires high amount of building 
materials. Bricks, known to have solid properties and easy to handle, which leads to the variety 
of materials added or replaced in its mixture. In this study, high density polyethylene (HDPE) 
was selected as the substitute materials in the making of bricks. The reason behind the use of 
HDPE is because of its recyclable properties and the recycling process that do not emit 
hazardous gases to the atmosphere. Other than that, the use of HDPE will help reducing the 
source of pollution by avoiding the millions of accumulated plastic waste in the disposal sites. 
Furthermore, the material has high endurance level and is weatherproof. This study was carried 
out on experimenting the substitute materials in the mixture of cement bricks, a component of 
building materials which is normally manufactured using the mixture of cement, sand and 
water, following a certain ratios, and left dried to produce blocks of bricks. A series of three 
different percentages of HDPE were used, which were 2.5%, 3.0% and 3.5%. Tests were done 
on the bricks, to study its compressive strength and the initial water absorption rate. Both tests 
were conducted on the seventh and 28th day. Based on the results acquired, for compressive 
strength tests on the 28th day, the use of 2.5% of HDPE shown values of 12.6 N/mm2 while the 
use of 3.0% of HDPE shown values of 12.5 N/mm2. Onto the next percentage, 3.5% of HDPE 
shown values of 12.5 N/mm2.   
1. Introduction 
There are many building materials used in construction. One of them is bricks. Usually, the use of 
bricks in the sector is widely practiced such as its use in structures, walls and etc. Among the types of 
bricks manufactured and normally used in construction are clay bricks, cement bricks and cement 
blocks. Cement brick is a chunk made out of a mixture of cement, sand and water. It is also known as 
unfired bricks where it need not to be heated up with fire in its production, but only compressed in a 
mould and left to dry under the sunlight. The production of unfired bricks helps to avoid the incurred 
cost of burning with fire and reduce air pollution out of smoke and haze. Every bricks are 
manufactured for different uses in terms of shapes, strength and as well as its capabilities. The 
properties of bricks itself are not known for supporting loads, hence, the elements of contributing to 
sustainable construction nowadays consists of the use of other materials to replace sand. 
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 A huge number of building materials are made out of recyclable materials to reduce cost and save 
the environment. Many efforts were done to combine various kinds of waste products in the 
production of bricks and concrete such as natural fibres, processed tea waste, sewage sludge, 
structured glass waste from computers and televisions, sugarcane dregs, organic waste, grass ashes, 
marbles and granite waste [1- 5]. Recycling the waste produced by industrial and agricultural activities 
to form building materials is a viable resolution to not only pollution problems, but also to designing 
buildings economically [6]. 
 Many researchers have conducted experimental investigation on the use or addition of plastic 
material (polyethylene terephthalate (PET), polypropylene (PP) and high density polyethylene 
(HDPE)) as concrete materials or replacement [1, 3, 7, 8, 9]. From their findings, plastic have shown 
to give promising results as partial concrete materials as addition or replacement. More studies need to 
be conducted on various parameters to investigate the performance of plastic in other parameters and 
testing. 
 This study focuses on the compressive strength and initial water absorption rate involving the use 
of different HDPE ratios. The produced samples are made out of HDPE, sand, water and Ordinary 
Portland Cement, where the size of the bricks are 215mm in length, 102.5mm of width and 65mm of 
thickness based on BS 3921: 1985 [10]. As for the tests on the compressive strength and water 
absorption rate, the samples were tested on the seventh and 28th day. The purpose of test done on the 
seventh day is to observe the condition of the samples on its premature state, as on the 28th day, the 
sample bricks can be classified as matured. 
 All data acquired were recorded. 24 samples of sand cement bricks were produced, where 12 of 
them were used in compressive strength test and the 12 rest were for initial water absorption rate test. 
HDPE ratios used to replace sand is at 2.5%, 3.0% and 3.5%. As for the mixture, the ratio of water-
cement used is at 0:4. 
2. Materials and methodology 
Materials used to produce bricks are water, cement, sand and HDPE. The cement used for this 
particular study is Ordinary Portland Cement. This cement need to be stored in an air tight container, 
or sealed properly to prevent air from getting in. The reason for this is because cement when exposed 
to air, will lack in quality which makes it hardened and affect the strength of bricks produced later. 
 River sand is used in the production of the bricks. In order to get a suitable size of sand grains to 
make bricks, a sieve analysis is done. According to British Standards BS EN 1052:1998 [11] the sand 
to be used are not more than 10% passing 75micron sieve, and the retained amount found on the 
2.36mm sieve are not more than 1%. The percentage of HDPE used is at 2.5%, 3.0% and 3.5%. These 
ratios are to be used to replace sand in the mixture to make bricks. Recycled HDPE materials shown in 
figure 1 are acquired from a recycle factory. 
 
 
Figure 1. HDPE used in this study. 
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2.1. Compressive strength test 
This test is conducted to study the compressive strength of bricks that contains a certain percentage of 
HDPE as a replacement of sand. It was conducted based on BS EN 772-1:2011 [12]. The surface of 
the machine is cleaned from any kinds of dusts and dirt that can affect the test results. Specimens are 
sorted out in a uniform placement for uniform results to be obtained. Calculation of the compressive 
strength is done by dividing the maximum strength obtained with the area of which loads are forced to, 
and rounded off to the nearest 0.1 N/mm2.  
2.2. Initial water absorption rate test 
Specimens were placed in an oven where the temperature is near to 105°C ± 5° for 24 hours (mdry,s). 
They were then left to cool down to room temperature. When cooled down, dimensional 
measurements were done to obtain the bricks surfaces and calculation of the area, As. The height need 
to be sustained until the end of test. If the surfaces of the bricks are irregular, the level of water for 
soaking purpose need to be increased so that the whole bricks surfaces are in contact with water. The 
time taken for this particular test (tso) is around (1 ± 0.2) min. Once the time is right, specimens were 
removed from the water and then bricks were weighed (mso,s). 
3. Results and discussion 
This test study upon samples of cement bricks are done on the seventh and 28th day. The sum of 
bricks used in both test is 24 bricks. Every samples mixture use the same ratios of water and different 
percentages of High Density Polyethylene which are 0% (controlled), 2.5%, 3.0% and 3.5%. 
3.1. Compressive strength test 
Based on figure 2, it is found that controlled sample that used 0% of HDPE reached 11.7 N/mm2 of 
compressive strength on the seventh day, and increased by a small portion on the 28th day to 14.4 
N/mm2. As for the sample with 2.5% of HDPE, it showed a drop in value of compressive strength 
which was 9.7 N/mm2 on the seventh day and 12.6 N/mm2 on the 28th day. Meanwhile, samples with 
3.0% of HDPE showed almost similar value of compressive strength with samples that used 0% of 
HDPE, which were 11.1 N/mm2 on the seventh day and 15.9 N/mm2 on the 28th day. Next up, 
samples with 3.5% of HDPE showed an increment of compressive strength values on the seventh day 
which was 12.4 N/mm2 compared to samples with 0% and 2.5 % of HDPE. Whereas, it showed a 
significant drop of value on the 28th day, which was only 12.5 N/mm2, making it the lowest value 
when compared to samples with 0%, 2.5% and 3.0% of HDPE. This value almost matched up to the 
one on the seventh day.  
 
 
Figure 2. Results of compressive strength. 
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 Bricks samples with 3.5% of HDPE was going through a drop of values of compressive strength on 
the 28th day, and this might be caused by the imperfect condition of bricks placement, which in turn 
cause it to not drying out properly, and this indirectly affected the compressive strength value of the 
samples. Based on the analyzed data, it is found that compressive strength of bricks containing HDPE 
meets the standards set in MS 76: 1972 [13]. It also proves that compressive strength of bricks 
containing 3.0% of HDPE matches up to the ones with 0% (controlled). This in a whole, signifies that 
the optimum percentage of HDPE is at 3.0%. 
 As for the difference in compressive strength value for bricks that contains certain percentage of 
HDPE composition as shown in Figure 2 above, it showed that HDPE percentage of 2.5% gives out 
the highest difference which was 17.09%, as compared to others. This is caused by the lower value of 
compressive strength than the ones of controlled bricks. While the 3.0% HDPE percentage shows the 
lowest difference (5.13%) compared to all readings, caused by the almost similar values of 
compressive strength with the controlled bricks. 
3.2. Initial rate water absorption test 
Figure 3 shows a percentage graph of initial water absorption rate on the seventh and 28th day. Based 
on the data obtained, a high rate of initial water absorption recorded for samples with 3.5% of HDPE 
on the seventh day, at 3.33 kg/m2.min while it showed lower in values on the 28th day, at 2.36 
kg/m2.min. On the 28th day, the initial water absorption rate recorded for all samples are lower than 
their seventh day. 
 
 
Figure 3. Results of initial water absorption rate. 
 
 The good rate of initial water absorption is between 0.25 kg/m2.min to 2.00 kg/m2.min. This value 
can be referred to evaluate the performance of initial water absorption rate on certain bricks. As shown 
in Figure 3, it is found that each bricks showed different rates of initial water absorption. However, on 
the seventh day, bricks samples with 0% and 3.5% of HDPE gives out the similar values. The graph 
also shows that all sample bricks exceed the values of  2.00kg/m2.min. 
3.3. Relationship between compressive strength and initial water absorption rate 
On the relationship of both tests done on seventh day as shown in figure 4, low values of compressive 
strength recorded on samples with 2.5% of HDPE which was 9.4N/mm2 and the rate of initial water 
absorption recorded was 3.19 kg/m2.min. Compressive strength of 2.5% HDPE bricks samples is 
affected by the higher rate of initial water absorption where results of compressive strength is lower 
than those samples with 0% HDPE (controlled). It was recorded that bricks samples with 3.5% HDPE 
was denser than other samples and this value is affected by the lower rate of initial water absorption 
which was at 2.50 kg/m2.min, similar to 0% HDPE bricks (controlled). 
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Figure 4. Relationship between compressive strength and initial water absorption rate on 7th day. 
 
 Meanwhile, for the results of test done on 28th day, samples with 3.0% HDPE gives out highest 
value of compressive strength which was 15.9 N/mm2 compared to samples with 2.5% and 3.5%. 
However, the rate of initial water absorption for this set of samples was higher than others as shown in 
figure 5. This shows that its rate of initial water absorption did not affect the compressive strength 
when it reaches its maturity state. 
 
 
Figure 5. Relationship between compressive strength and initial water absorption rate at 28th day. 
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4. Conclusion 
The use of HDPE in making cement bricks can affect the physical properties of the bricks in various 
ways. Among the visible effect is the sign of the presents of HDPE in the form of small black beads. 
Other than that, it is concluded that: 
 
• The values obtained for compressive strength recorded the highest at 3% replacement of 
HDPE (15.9 N/mm2) while the lowest initial water absorption rate recorded for 3.5% HDPE 
replacement of 2.35kg/m2.min.  
• The initial water absorption rate shows an increasing trend up to 3% replacement. Beyond 
that, at 3.5% replacement, both values on seventh and 28th day recorded a decreased initial 
water absorption rate. 
 
As a whole, the higher amount of HDPE used will cause higher compressive strength obtained up to a 
certain amount. However, this study found that 3.0% use of HDPE gives higher value of compressive 
strength than the controlled bricks, and at the same time reduce the use of sand in the production of 
bricks, as well as reducing pollution to the environment caused by plastics. As to improve the study 
carried out, a few considerations and suggestion could be applied in future studies. Among the 
suggestions for future studies are: 
 
• The study was done with consistent ratios of water on all samples. Various ratios of water-
cement can be used for future studies, to evaluate the optimum strength of bricks using 
different ratios of water and different percentage of HDPE. 
• Substituting sand with HDPE into other kinds of bricks such as clay bricks in future studies, as 
HDPE has high potential to be used as replacement of sand, and not specific to only cement 
bricks. 
• Smaller size of HDPE beads may be used. Theoretically, the smaller the aggregate size used, 
the higher the values of compressive strength of the bricks. 
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